Background: Maxillary incisor protrusion is a prevalent dental deformity and is often treated by upper incisor intrusion and retraction. The mechanical loading triggers the resorption and apposition of the bone. Alveolar bone remodeling is expected to follow orthodontic tooth movement in a one-to-one relationship. However, in many cases, the outcomes are different. Alveolar bone might still remain thick causing lip protrusion and other aesthetic problems after treatment. Additional corrective procedures such as alveoloplasty. On the other hand, if the labial bone becomes too thin, periodontal problems like gingival recession might occur. The unpredictability of the treatment result and the risk of requiring corrective procedures pose significant challenges to both the providers and patients. The aim of this study is to determine factors that can help to predict the alveolar bone reaction before maxillary incisor intrusion and retraction. Methods: The cohort included 34 female patients (mean age 25.8 years) who were diagnosed with skeletal class II malocclusion with upper incisor protrusion. These patients underwent extraction and orthodontic treatment with upper incisor intrusion and retraction. Lateral cephalograms at pre-treatment and post-treatment were taken. Linear and angular measurements were analyzed to evaluate the alveolar bone changes based on initial conditions. Results: The study found that the relative change, calculated as change in alveolar bone thickness after treatment divided by the initial alveolar thickness, was inversely correlated with the initial thickness. There was a significant increase of labial alveolar bone thickness at 9-mm apical from cementoenamel junction (B3) (P < 0.05) but no statistically significant change in the thickness at other levels. In addition, the change in angulation between the incisor and alveolar bone was inversely correlated with several initial angulations: between the initial palatal plane and upper incisor angle, between the initial palatal plane and upper incisor labial surface angle, and between the initial palatal plane and bone labial surface angle. On the other hand, the change in labial bone thickness was neither significantly correlated with the initial thickness nor significantly correlated to the amount of retraction. Conclusion: The unpredictability of alveolar bone remodeling after upper incisor intrusion and retraction poses significant challenges to treatment planning and patient experience. The study showed that the initial angulation between the incisor and alveolar bone is correlated with the change in angulation after treatment, the initial thickness of the alveolar bone was correlated with the relative change of the alveolar bone thickness (defined as change in thickness after treatment divided by its initial thickness), and the amount of intrusion was correlated with the alveolar bone thickness change at 9-mm apical from the cementoenamel junction after treatment. The results of the present study also revealed that the change in labial alveolar bone thickness was neither significantly correlated with the initial thickness nor significantly correlated to the amount of retraction.
Background
Maxillary incisor protrusion is often orthodontically treated, most commonly by extracting premolars and retracting anterior teeth with maximum anchorage. It is often thought that alveolar bone remodeling follows orthodontic tooth movement. Retracted teeth move through the alveolar bone, causing bone remodeling to occur with potential change in bone density and thickness to adapt to its new position [1] [2] [3] . Premolar extraction and orthodontic correction have been shown to be very effective in reducing dental protrusion in many studies [4] .
Nonetheless, it is found that the reaction of the alveolar bone surrounding the maxillary incisors does not always react to the tooth movement as expected. It is still unclear if the direction and amount of movement are always in synchronization for all anteroposterior, vertical and transversal directions [5] . Furthermore, case reports demonstrated that dehiscence and fenestration were observed despite improvement of teeth protrusion after orthodontic treatment [6] . In some cases, even after the retraction of incisors, a much thicker alveolar bone was left. This results in remaining lip protrusion and other aesthetic problems and usually requires additional periodontal surgery, such as alveoloplasty [7, 8] . On the other hand, if the labial bone is thin, a thin gingival biotype is expected and can cause periodontal problems like gingival recession [9] .
The unsatisfactory results from upper incisor intrusion and retraction treatment are still not completely understood. It is difficult to predict the efficacy of a treatment because there are many factors including an individual's initial dental conditions, the optimal amount of orthodontic force, and inclination of the intrusion and retraction, which can potentially influence the treatment and affect the results in various degrees.
The purpose of this study is to determine factors that can help to predict the alveolar bone reaction before maxillary incisor intrusion and retraction. The results can provide more insight into safer and more reliable orthodontic treatment.
Material and methods
This study was approved by the institutional review board (IRB) of the Ajou University Hospital (IRB No: AJIRB-MED-MDB-18-295). Thirty-four Korean female patients (mean age 25.8 years, from 14 to 49 years) who underwent extraction and orthodontic treatment with upper incisor intrusion and retraction were examined. Inclusion criteria was the diagnosis of skeletal class II malocclusion with upper incisor protrusion, according to Steiner's analysis: Angle between the lines NA and NB (ANB) > 2°, linear measure between the most vestibular point of the upper incisor and the NA line (upper central incisor, U1 to N-A) > 4 mm and minor crowding in the maxillary arch < 3 mm. Exclusion criteria were (1) patients with a medical history related to bone metabolism problems, (2) patients taking anti-inflammatory drugs during treatment or within 6 months before treatment, (3) patients with periodontal or gingival diseases at the beginning of orthodontic treatment, and (4) patients with a history of upper incisor trauma.
All the patients were treated by one clinician. In all cases, 0.022-in. MBT brackets were bonded, followed by sequential wire change adopting 0.016-in. nickel titanium, 0.018 in. × 0.025 in. Bioforce (Sirona, USA) and 0.019 × 0.025 stainless steel for space closing. Both sliding and loop mechanic were used. Mostly, the maxillary 1st premolars were extracted, and the maximum anchorage was prepared. The treatment duration to retract incisors was 6 to 9 months to retract incisors. To conduct intrusion and retraction of the maxillary incisors, since the center of resistance of the maxillary anterior six teeth is closely located between upper lateral incisors and canines [10, 11] , TADs (temporary anchorage devices) were inserted there in most cases unless those TADs failed.
Pre-treatment and post-treatment lateral cephalometric radiographs were taken, and a total of 13 linear, angular variables of facial structures which could affect the alveolar bone remodeling of upper incisors were measured (Figs. 1 and 2). U1 tip to N-perpendicular line (mm) was measured to calculate the amount of retraction of the incisor, and U1 tip to Frankfort horizontal plane (mm) was also measured to calculate the amount of intrusion of the incisor (Fig. 2 ). The angle of the incisor axis to Frankfort horizontal plane, the angle of the incisor axis to palatal plane, the angle of the incisor surface to palatal plane, and the angle of the alveolar bone surface to palatal plane were measured ( Fig. 3 ). Distance between incisor and labial alveolar bone was measured at three levels at both pre-treatment (T0) and posttreatment (T1) radiographs. The distances at the levels were categorized as B1, B2, and B3 according to 3-, 6-, and 9-mm distance from the cementoenamel junction. The distance was measured while the picture was magnified 3 times for accuracy followed by shrinking back to the original 1:1 scale. Measurements were taken at the outermost point ( Fig. 4 ). The angle between the line most tangent to the margin of the incisor at the alveolar crest level and the line most tangent to the outline of the alveolar bone (θ) was measured at both stages. The most tangent line was drawn with the following sequence. First, FH to Nasion perpendicular line was established as a vertical reference line. The closest point from the line to the alveolar bone or the maxillary central incisor was found as an original point. Next, A protractor was used to find the tangent point. The point where the protractor first meets the superior structure from the origin is the tangent point. The tangent line was composed of those two points. When two lines meet in the direction of the incisor tip, the angle was defined as positive, and when the lines meet at the side of the apex, the angle was defined as negative ( Fig. 5a, b ). All measurements were performed twice by a single investigator at 4-week intervals. Paired t tests at a 0.05 significance level were used to evaluate the movement of upper central incisors and the changes of thickness and angle between incisors and labial alveolar bone, as an index of the alveolar bone remodeling after retraction and intrusion of incisors. Pearson's correlation coefficients were measured to identify variables related to alveolar bone remodeling with a significance level of 0.05.
Results
Measurement error was estimated for two sets of data using Dahlberg's formula [12] . Although the Paired t test indicated a statistically significant increase of labial alveolar bone thickness at 9-mm distance from cementoenamel junction (B3) (P < 0.05), the clinical meaning of 0.4-mm apposition seems minute. No statistically significant change in the thickness at other levels or the angle between the alveolar bone and the incisor ( Table 1 ). Individual changes had significant variance from the statistical mean. Of the 34 patients, 16 had increased B1, 17 had decreased B1, and 1 had no change in B1. Seventeen had increased B2, 14 had decreased B2, and 3 remained unchanged. B3 stayed the same for one patient, and all others had increased B3. The angle θ increased in 21 patients and decreased in 13 patients. ΔB/initial B at each level was calculated to find the relative change of thickness compared with the initial state. ΔB1/initial B1, ΔB2/initial B2, and ΔB3/initial B3 are correlated with the initial B1, initial B2, and initial B3, respectively. The amounts of B1 change, B2 change, and B3 change (ΔB1, ΔB2, ΔB3) are correlated with the initial palatal plane to upper incisor angle, the initial palatal plane to upper incisor labial surface angle, and the initial palatal plane to bone labial surface angle. ΔB3/initial B3 is correlated with the initial θ. ΔB1/initial B1 and ΔB3/initial B3 are correlated with the initial palatal plane to upper incisor angle, the initial palatal plane to upper incisor labial surface angle, and the initial palatal plane to bone labial surface angle, while ΔB2/initial B2 is not significantly correlated. ΔB1 and ΔB3 are correlated with U1 to FH. ΔB1, ΔB2, and ΔB3 are correlated with each other. ΔB1/initial B1, ΔB2/initial B2, and ΔB3/initial B3 are also correlated with each other. ΔB3 and ΔB3/initial B3 are correlated with the intrusion amount. It was found that change was not related to the retraction amount ( Table 2 ). The initial angulation between the labial surface and corresponding alveolar bone of upper incisors are correlated with the amount of the angulation change (Table 3) . 
Discussion
A systematic review reported that increased labial bone thickness at the cervical third level was found during the en-masse retraction of the anterior teeth [13] . In the present study, the alveolar bone contour change during upper incisor intrusion and retraction was evaluated.
The alveolar bone surrounding the maxillary incisors does not always follow the tooth movement during upper incisor intrusion and retraction. The unpredictability of the direction and amount of movement in alveolar bone remodeling poses a serious challenge to the treatment result. The aim of this study was to determine the initial factors that would affect alveolar bone remodeling. We analyzed the common variables and determined which ones would have predictive values before treatment.
The variability of outcome was noted by a few authors. For example, Ren's systematic literature review [14] suggested to conduct more clinical studies and experiments to gain more insight on optimal applied force and the rate of movement in orthodontics. Felicita [15] found that there are different clinical outcomes depending on the positions of anchors and length of attachment. In addition, Yodthong's study [16] believed that some factors, such as rate of tooth movement, change in inclination, and extent of intrusion may influence the alveolar bone thickness during upper incisor retraction.
This study found that the changes in alveolar bone thickness at levels B1, B2, and B3 are intercorrelated, which means once a tooth presented with little or no alveolar bone resorption, all the B1 to B3 three levels showed the same tendency. This phenomenon is frequently observed (Fig. 6 ) and demonstrated the results of Table 2 .
The change in angulation between the incisor and alveolar bone was also negatively correlated with the initial angulation. B1, B2, B3: labial alveolar bone thickness at 3-, 6-, and 9-mm distance from the alveolar crest; θ: measured angle between the line tangent to the margin of the incisor at the alveolar crest level and the line tangent to the outline of the alveolar bone SD, standard deviation *P < 0.05, **P < 0.005, ***P < 0.001, statistically significant; paired t test The change in labial bone thickness was not significantly correlated with the initial thickness, while the relative change, calculated as ΔB/B at T0, showed a negative correlation with the initial thickness.
This study found that there was only correlation between the amount of intrusion to the change in labial alveolar bone at B3 level, not B1 or B2. Also, there was no significant correlation between the amount of retraction to the change in labial alveolar bone thickness. The result from this study was different from Pornputti's results [17] , which claimed that tooth movement and the change in labial alveolar bone are statistically correlated, and Atik's results [18] , which claimed to be unrelated. Different mechanics including anchorage position and traction vectors might influence the different values.
In this study, we have also shown that the inclination of upper incisors and alveolar bone were correlated to the remodeling of alveolar bone. When upper incisors or the alveolar bone was proclined, the ΔB1, ΔB2, and ΔB3 had low values, which means resorption than addition.
In orthodontic treatment cases, initial conditions such as FH plane to upper incisor angle, palatal plane to upper incisor angle, and palatal plane to labial surface of upper incisor angle should be carefully assessed before proceeding with treatment to better predict the outcome of treatment (demonstrated in Fig. 7) . Changes in alveolar bone thickness may produce undesirable esthetics and other side effects.
There are a few limitations and areas of improvements for this study. Measurements were taken with lateral cephalometric radiographs, further quantitative research based on three-dimensional computed tomography will greatly improve the higher resolution of images and finer measurements. A longitudinal observation in addition to the starting and ending points might provide more detail on how continuous modeling occurs.
Conclusion
Factors associated with alveolar bone remodeling included the angle of upper incisor to FH plane, anterior Fig. 6 Esthetically compromised alveolar bone irregularity are shown during incisors intrusion and retraction. Arrow indicated insufficient alveolar bone remodeling under maxillary central incisor involves from B1 to B3 level, while diamond indicated that only B3 level irregularity is shown Fig. 7 The condition describes alveolar bone architecture tends a to follow as the incisors retracted b not to be remodeled as expected in Fig. 6 alveolar bone to FH plane. The relative change of alveolar bone thickness, calculated as ΔB/B at T0, showed a negative correlation with the initial thickness. Changes in the angle between the labial surface of upper incisor and alveolar bone also correlated with the initial contour of alveolar bone. The amount of retraction does not affect the remodeling of alveolar bone. The suggested factors related to alveolar bone remodeling in this study would enhance the predictability of alveolar bone response in patients with upper incisor intrusion and retraction, and provide an insight into safe and reliable orthodontic treatment. Further quantitative research based on three-dimensional computed tomography will be helpful to reveal more details.
Abbreviations ": Inches; ANB: Angle between the lines NA and NB; B1: 3-mm distance from the cementoenamel junction; B2: 6-mm distance from the cementoenamel junction; B3: 9-mm distance from the cementoenamel junction; IRB: Institutional review board; mm: Millimeter; P: Probability value; T0: Pretreatment; T1: Post-treatment; TADs: Temporary anchorage devices; U1 to N-A: Linear measure between the most vestibular point of the upper incisor and the NA line; Δ: Delta, change in quantity that can be changed; θ: The angle between the line most tangent to the margin of the incisor at the alveolar crest level and the line most tangent to the outline of the alveolar bone
